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The Manufacture of Weldless Steel Tubes.” 
By JOHN DAVJD MORGAN, Stud.  Inst. C.E. 

THE steadily  increasing demand for weldless steel tubes  which  has 
been  experienced during  the  last 15 or 20 years, has resulted in   the 
development of an industry of considerable magnitude  and  import- 
ance. The keen  competition  amongst rival manufacturers,  which 
has been occasioned by  this demand, has led to  strenuous efforts 
being made to combine accuracy of manufacture  with increased 
rapidity  and economy of production;  but  the  fact  that  in some 
large tube-works two  or  three  distinct processes are  in use for 
performing  the same  operations of manufacture,  indicates  that much 
of the  industry  is  still  in  an  unsettled and experimental  state. 
The  Author proposes to describe, in  this  Paper,  the methods by 
which the  manufacture of weldless steel  tubes is conducted at  the 
present  time. 

tube-maker  varies  widely, so far as tenacity  and  ductility  are 
concerned, according to  the service  to  which the  tubes  are  intended 
to be applied. Tubes for boilers or for condensers are made from 
material possessing a tensile  strength of 21 to 24 tons  per square 
inch,  and capable of yielding  an  elongation of 25 per cent. to  
30 per cent. in  a test-length of 8 inches;  such  material contains 
but a small percentage of carbon, the  amount  being usually 0.10 
per cent. Tubes  intended for cycle construction are  generally 
made from steel containing a higher percentage of carbon, often 
amounting to 0.5 per cent. and possessing a tensile  strength of 
24 tons  to 28 tons per  square  inch,  with an average elongation of 
23 per  cent. in a test-length of 8 inches. The  material is usually 
supplied to the  maker in  the form of short  cylindrical or rectan- 
gular bars, or billets,  varying between 12 inches and 18 inches in 
length,  and between 23 inches and 6 inches  in diameter. The 
greater portion of the  steel employed is  still obtained from Sweden. 
Until  within  quite  recent  years i t  was  exceedingly difficult to 
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obtain in  England  material  uniformly possessing the necessary 
properties of homogeneity and soundness, and  the  requisite  degree 
of ductility.  At  the  present time,  however, English steels can be 
obtained which compare very  favourably  with  the best  known 
Swedish  brands. 

The essential qualities of steels for weldless tubes  are tenacity, 
ductility, soundness, and homogeneity. The  two former  can 
generally be very  readily  obtained  within  the specified limits,  but 
the  two  latter can only be secured by  the exercise of much skill 
and  caution on the  part of the makers. The common faults which 
affect  the soundness of the  material  are “blow-holes,” caused by 
the presence of occluded gases in the molten  metal, and cracks, 
which are  generally  attributed  to  the  setting  and cooling of the 
metal, and  reheating  under  unsatisfactory conditions. The  treat- 
ment to  which the  metal is subjected during  its conversion into a 
tube,  although often severe, is not such  as will cause the contiguous 
surfaces of the  faults to weld Gr unite. I n  consequence the blow- 
holes and cracks are  not  infrequently converted into,  and become 
manifest on the surface of the  tubes as, fissures or hair-like seams, or 
“ rokes,” as they  are termed by  the tube-maker,  which, in  extreme 
cases, completely penetrate  the metal.  Heterogeneous structure 
is  another  fault  to  which  the  steel is subject, and which renders it 
unsuitable for conversion into tubes. I t  is evidenced in  the 
existence of “hard places,” which  have been shown by  analysis 
to contain excess of manganese, and  is  attributed to  incomplete or 
imperfect mixture of the ferro-manganese during  the final stage of 
manufacture.  This  fault  is not  seriously detrimental to the  satis- 
factory production of thick  tubes  by ‘‘ hot ” processes ; but  in  the 
production of tubes  which are finished by “ cold ” processes i t  gives 
rise to the  formation of local swellings  or  areas of unequal  thick- 
ness, known as “ scabs,” which  are  due  to  the  varying  ductility of 
the metal. The existence of hard places in  metal  intended for 
thin  tubes is fatal, since i t  tends to result  in  the development 
of cracks in  the final stages of cold drawing, and often causes 
complete rupture of the tube. 

It will  thus be  seen that steels for weldless tubes  must possess 
qualities of unique excellence, and qualities which  depend, not 
so much upon the chemical constitution of the steel, as upon the 
methods and appliances employed in  its manufacture. I t  is not 
an uncommon experience in practice  to  meet with  English steels 
almost identical  in composition with Swedish  steels, and  yet  in- 
capable of being  satisfactorily worked into tubes. This  fact  lends 
support to the  statement  that  within reasonable limits  the chemical 
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composition of steel  is a  less important factor i n  determining  its 
quality  than  the mechanical treatment  to which it is subjected 
during  the various stages of manufacture. It should also be ob- 
served in  this connection that  steels  adapted for conversion into 
tubes  by one process are sometimes unsuitable for treatment by 
another method. 

PRODUCTION OF THE HOLLOW BILLET. 

The  crucial difficulty in  the  manufacture of weldlees steel  tubes 
is  that of producing with economy, and within  the necessary limits 
of accuracy,  t,he initial bore i n  the billets. The  Admiralty  require 
that  the  thickness of the  walls of boiler- or condenser-tubes  shall 
not be less, nor more than 10 per  cent. greater,  than  the specified 
dimensions. It will  thus be seen that,  in  the case of thin tubes,  a 
very  slight  eccentricity of the bore would result  in  their rejection. 
To ensure the production of a concentric  tube, the  initial bore in 
the  billet  must be concentric;  an  eccenhic bore renders  the 
formation of an  accurate  tube  an impossible task. A large amount 
of mechanical ingenuity  has been exercised on the problem pre- 
sented by the necessity for a  concentric bore, with  the  result  that 
several  distinct systems of procedure have been established. 

Drilling.-The process which  has been most extensively employed 
in  this  country  in  past  years is that of cold drilling,  but in recent 
years  drilling  has  largely  given place to hot  piercing, especially 
in  the  manufacture of tubes for boilers, economizers and condensers. 
The formation of a  concentric hole throughout  the  length of a 
billet by means of a drill is a task  fraught  with difficulties, which 
arise  mainly from inherent.  irregularities  in  the  billet  itself  and 
from the crudeness of the  apparatus employed. The  billets met 
with  in  practice not only  vary  in  diameter b u t  are often distorted 
both  in cross-section and  longitudinally;  and no amount of care 
in  drilling can entirely overcome the  latter defects. The  material, 
moreover, is not  always sound and homogeneous; blow-holes, 
fissures, and  hard places frequently occur, which  tend  to deflect 
the  drills.  Further,  the  drills adopted are of very crude design, 
the  types most frequently met with  being  the somewhat antiquated 
flat  diamond-pointed drill, a rough species of twist-drill made from 
twisted  bar of cruciform or similar section, and the ‘‘ spoon-drill.” 
The most successful form is the ‘‘ spoon-drill,”  a  clumsy  implement, 
yet one which is well  adapted to  contend with  the adverse con- 
ditions  under  which it has to  work. I t  consists simply of a  bar 
of semicircular cross-section having  its  front end, or cutting-edge, 
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ground at  a slight  angle so that  the  extreme  point is not coincident 
with  the  axis  but  with one of the  longitudinal edges, Figs. f. In  
action it is slow and absorbs  much power, but it possesses the 
essential quality of stiffness, being, by  virtue of its section, well 
supported  during its passage throngh  the  billet  by  the metal 
around the hole. 

Drilling possesses the  advantage  that  the core of the  billet, 
in  which  the  faults of manufacture  are  usually concentrated, 
is  in a large measure removed;  but  this  is almost,  if  not com- 
pletely,  neutralized  by  the mechanical difficulties that  have 
hitherto been experienced in  securing a  concentric bore. I t  
is somewhat difficult to understand  why  attempts  have  not 
been made to overcome these obstacles by  the employment 
of more suitable machines fitted  with  twist-drills 
of greater  cutting-power;  the  explanation pro- F+P. 1. 
bably lies in  the  fact  that, however meritorious 
the process might be from a mechanical point of 
view, it is  not sufficiently rapid  to be  a success 
commercially. Moreover, the production of a care- 
fully  drilled  billet does not necessarily  ensure the 
formation of an accurate tube, since the  advantage 
thereby gained  can be  very  quickly  annulled  by 
careless heating  and  unskilled  handling  during  the 
subsequent  rolling operations. I t  is  natural,  there- 
fore, that  manufacturers should seek some method SPOON DRILL. 
of producing a hollow billet  by  treatment of the 
metal  whilst molten or in  a heated  state. 

Oblique Rolling.-One of the processes for piercing  the billet in a 
heated  state,  which  has received considerable attention and has 
been adopted  to  a large  extent  in practice, is that of cross or 
oblique  rolling. In this process a heated billet is passed through 
an  aperture formed between  a pair of disks or rolls  which are so 
arranged as to impart to the  billet a combined rotatory  and  trans- 
latory motion, and  to  thrust  it  against  the  point of a  piercing-bar or 
mandrel. A typical example of this method of manufacture is to be 
found in  the Mannesmann process. The  apparatus employed is 
illustrated  diagrammatically  in Fig. 2. A pair of tapering rolls, a, 
having  their axes in  parallel planes, but disposed at  an  angle  in 
relation  to each other,  are mounted in  housings and geared  to 
rotate in  the same direction. A mandrel, b, terminating  in a 
conical bulb, is secured at the  exit of the pass between the 
adjacent faces of the rolls, and guide-pieces are provided at  each 
side of the pass to retain  the  billet c in position. A heated  billet, 
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on being placed in  the pass, is  immediately seized, urged over the 
mandrel,  and ejected in  the form of a rough tube. I t  is contended 
that a hollow billet can  be produced by  this  apparatus  without  the 
use of the mandrel, by properly  proportioning  the degree of 
convergence of the pass and  the  angularity of the rolls. It could 
hardly be expected, however, that a hollow billet  thus produced 
would be suitable for subsequent reduction  to form a  boiler-tube, 
for example, owing  to  the  irregularity of the  hole;  and,  in  fact, it 
is found that  although  the  mandrel can be relieved in a large 
measure of the  burden of forming  the bore, it is essential in order 
to  ensure  the  requisite finish and  regularity of the  internal surface 
of the  billet.  From inspection of the  diagram it will be seen that 
a higher speed of rotation  is  imparted to the  metal  in contact with 
the rolls near the exit of the pass than to that  at  the entrance. 

Fig. 2. 

MANNESMANN ROLLS. 

The combined rotatory  and  transla- 
tory motion imparted  to  the  billet, 
results,  in consequence, in a twisting 
of the  metal  and  in  the development 
of a spiral  arrangement of the  grain 
or fibre. This  spiral  arrangement has 
been claimed to be advantageous on 
the  ground  that a tube so produced 
is  better  able to  resist internal pres- 
sure  than one having  the normal or 
longitudinal  arrangement of the fibre; 
but,  judging from the  fact  that a 
large  part of the subsequent deve- 
lopment of the cross-rolling process 

has  had for its object the  elimination of the factor which-causes 
the  metal to be twisted, i t  would appear that  the  merits of a 
spiral  arrangement of the fibres are  purely  hypothetical. It is 
usually considered that  the vigorous treatment  to which the 
metal is subjected in oblique rolling,  has a deteriorating influence 
upon the  quality of the  tubes produced, but  the  high  reputation 
for strength  and  reliability  which Mannesmann tubes  have secured 
proves that,  with  the exercise of precaution in  the design of 
the  apparatus,  the oblique-rolling process is capable of producing 
tubes of the  highest  quality. 

An arrangement of rolls designed by Mr. R. C. Stiefel, for 
producing  tubes without  imparting  twist  to  the metal, is  illus- 
trated in Fig. 3. The  principle of its  action is similar to that of the 
apparatus employed in the Mannesmann process ; the  peculiarity, 
however, lies in  the disposition of the rolls in  relation to each 
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other. It will be noticed that  the axes of the  rolls converge to a 
common point on the  axis of the  billet.  By reason of this Conver- 
gence and  the conoidal form of the rolls, the same speed of 
rotation  is  imparted  to  every portion of 
the billet. The  Author  is not acquainted Fig. 3. 
with  any  practical  results of this  arrange- 
ment,  but from a  geometrical considera- 
tion  there  is no apparent reason why i t  
should not achieve the object for which 
i t  was  designed. 

Punc7~ing.-Another method of pro- 
ducing hollow billets, which  has re- 
ceived considerable attention from tube- 
makers, and  has been adopted somewhat 
extensively in  practice, is that of punch- sTmFIL ROLLS. 
ing. In  this process a bulb  or  bar is 
forced longitudinally  through a  heated billet contained within a 
die or holder. At  the  present  time  there  are  two  distinct methods 
of procedure. I n  one method, a closely fitting  die enclosing  a 
cylindrical  billet  is employed, and  by means of a piercing-bar 
the  metd is displaced from the  centre to the circumference and is 
caused to flow axially  along  the  bar ; this method is characterized 
by  longitudinal flow. In the  other method  a rectangular  or poly- 
gonal  billet is placed within a cylindrical die, and  the  metal  is 

Fig. 4. 

ROBERTBON METHOD. 

displaced by  the piercing-bar, in  a lateral  direction only,  to fill 
the  interstices between the sides of the  billet  and  the  wall of the 
die;  this method is characterized by  radial flow. 

An example of longitudinal flow is to be found in  the Robertson 
process. The  apparatus employed is  illustrated  in Fig. 4. The 
die, a, which is accurately bored and  well finished, is secured 
within a massive cast-iron bolster, arranged in  line  with a 
hydraulic cylinder. An  abutment  is provided  for the  billet  by  an 
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annular shoulder b, formed within  the die ; and  a  plate  or disk 
c is inserted between the shoulder and  the  end of the  billet  to 
prevent  the  heated metal from flowing into  the  interior of the 
abutment b when the  mandrel approaches the end of its  stroke, 
and  thus  being wasted. The  thickness of the  plate is such that  i t  
can  be  pierced by  the  bulb d after it has passed through  the 
billet;  the  plate c is the  characteristic  feature of this process. 
A sliding  guide-ring f is loosely fitted  within  the  front of the die, 
to effect the  preliminary  centralization of the  bar e.  The  bar  is 
provided with  a detachable bulb d, which is  usually made of cast 
iron. During  the passage of the  bar  through  the heated billet, 
the  metal flows backward and pushes the  guide-ring f towards 
the  mouth of the  die;  at  the completion of the  stroke  the  plate 
c is penetrated. Several  attempts  have been made  to avoid the 
use of the  plate c by  relying  either upon the  friction  generated 
between the  die  and  the  billet, or upon the employment of an 
annular  abutment,  which,  whilst  retaining  the  billet, offers no 
obstruction to the passage of the piercing-bar. The elimination 
of the  plate, however, adds but  little to the convenience of the 
process, and often materially affects its economy, since  without 
the  support of the  plate  a  comparatively  large  amount of the 
metal is pushed in advance of the  bulb,  and is wasted. In certain 
experiments  without  the  plate  a loss of about 25 per  cent. of the 
billet was  experienced,  whereas with  the  plate  the normal loss is 
about 10 per  cent. The successful employment of this  apparatus 
depends  upon  several factors, namely, the  true  alignment of the 
cylinder  and die, the  stability of the ram and piercing-bar, the 
security of the bulb, and  the close fitting of the  billet  within  the 
die. If  any of these is defective, the  tubes produced will also be 
defective. 

An example of radial flow is  to be found in  the  Ehrhardt 
process. The  following  description of this process is taken from 
information  supplied  by  the Rheiniscbe Metallwaaren  und Ma- 
schinenfabrik, Diisseldorf :-To produce a hollow cylinder, a 
rectangular block of steel, a (Figs. 5 )  is delivered in a hot  state 
into a matrix 2,; the cross-section of the  steel block is square, 
and its diagonal corresponds to  the  diameter of the  matrix.  The 
latter  is closed by  a cover d, serving as a  guide for a mandrel ( 8 ,  

which  is  driven  into  the  metal  by means of a  powerful press. The 
mandrel is of such  diameter  that  the  metal displaced by it is 
sufficient to fill exactly  the four segmental spaces, e, between the 
flat sides of the block and the interior surface of the  matrix. As 
the metal  whilst  being acted upon can give way at  the sides, the 
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mandrel  enters i t  without difficulty, and  a hollow cylinder is 
produced. 

I t  will be seen that no bulb is employed in  this process, and 
that  the mandrel has  the same diameter  as  the hole produced in  
the billet. The  mandrel i s  also not only 
centred  in  the first instance  by  the  guide- 
plate  or cover, but  is continuously  supported 
by it  during  the  punching operation. This 
is  a  distinctive  feature of the process, and 
an  important factor in  determining  the con- 
centricity of the hole produced. As in  the 
Robertson process, i t  is essential that  the 
original  billet should accurately fit the die, 
and care has therefore to be exercised in 
the  heating of the  billet to prevent fusion 
of the  sharp edges. In  order  to  avoid the 
risk of reducing  the  diagonal dimensions 
of the  billet by fusion, billets  having flat- 
tened  edges are sometimes employed. 

The hollow billet produced by  this pro- 
cess is closed a t  one extremity;  that is, 
the  billet  is  not completely pierced. For 
some reasons this is an  advantage  in  the 
subsequent  drawing operations, but care 
has  to be taken in  adjusting  the  stroke of 
the  mandrel so that  the  metal  left  at  the 
closed end of the  billet is not too thick. 
When  the thickness of the  metal exceeds 
certain  practical  limits,  determined  by  the 
size of the final tube,  the resistance offered 
by  the closed end  to  the  reducing  action 
of the  drawing-dies often causes great  in- 
convenience. Sometimes the dies are  shat- 
tered, whilst  at  other  times  the  tube  sticks 
within  them,  with  the  result  in  either case 
that  the machine is  temporarily stopped. 

The methods of producing  the  initial 
hollow billet which have  already been de- 
scribed are those which  are most commonly 

Figs. 5. 

BEFORE PRESSING 

SECTION kA 

AFTER PRESSING 

EHREARDT METHOD. 
employed in practice. Other methods have 
been suggested from time to time  and some  of them have been 
tried in a more or less experimental fashion. Many attempts 
have been made to produce satisfactory hollow billets by the 
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simple method of casting, but  only  partial success appears to 
have been achieved in  this direction. The  great difficulty  lies 
in  obtaining  the  requisite degree of soundness, and  attempts  have 
been made to  secure this  by  centrifugal casting, but  the  Author 
is not  aware of any  practical  results  having been obtained by 
this method. Steel  tubes  have also  been produced by  forming 
a hollow shell from a  disk of sheet  metal, the sheet being first 
dished in a press and  afterwards  drawn  out  into  the form of 
a  tube. The well-known  method of squirting, or extrusion, 
which  has been so successfully applied  in  the production of 
lead tubes and articles of various  sections in copper and brass, 
has also been proposed for steel-tube manufacture,  and if  this 
method should  prove  commercially  as  well as mechanically 
successful it  will form an  important  contribution to the solution 
of the difficulty of economically producing concentric  tubes. 

BEDUCTIOX OB THE BILLET TO FORM A TUBE. 

When the  initial hollow billet has been produced, it is subjected 
to an  extending  and  reducing process. The extension and reduc- 
tion  are effected either  by means of rolls or by dies. 

Rolling and Hot Drawing.-The rolls employed are of two 
distinct types, namely,  the  ordinary grooved rolls, and  what  are 
technically called “ pilger ” rolls ; the  latter  are also variously 
styled “ gapped,” ‘‘ step-by-step,”  and “ back-action ” rolls. 
Sometimes both  types of rolls are employed  conjointly, the  pilger 
rolls  during  the  early or “ breaking down ” stages, and  the  ordinary 
rolls  during  the  later or finishing stages. A rolling-mill provided 
with  ordinary grooved rolls is illustrated  in Figs. 6. The only 
feature which materially differentiates i t  from a mill for rolling 
bars of circular section is the  arrangement, in  coincidence with 
the  various grooves or passes, of a number of bulb-headed mandrels 
carried in a frtbming, which serve to enlarge  the bore of the  billet, 
and  to afford t,he necessary internal  support  to  the  tube.  The 
heated billet is passed successively through  the  apertures  in  the rolls 
and over the corresponding  mandrels, until a tube of the required 
dimensions is obtained. A set of pilger-rolls with  automatic 
feeding-apparatus  is shown in Figs. 7. The  peculiarity of these 
rolls  lies mainly in their  intermittent action on the  billet.  Each 
of the  rolls is formed with a  cam-like  protuberance,  which con- 
stitutes  the  working or active surface of the  roll;  the  inactive 
portions of the rolls are so proportioned that when they coincide 
they present to  the  billet a gap or aperture sufficiently large to 
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permit of its insertion.  The  rolls  are  geared  to  rotate  together, 
and  in a  direction opposed to  that of the  advancing work. I n  
operation the heated billet  is placed on a bar or mandrel, and is 
advanced into  the  gap between the  rolls  until it is  arrested by 
stops  provided  for the purpose. The  billet is then seized by  the 
active  portions of the rolls, and is extended along  the  mandrel, 
whilst  being reduced&  diameter.  Simultaneous1y;the billet  and 

Fig& 6. 

ELEVATI 0 N 

ROLLING-MILL WITH ORDINARY  GROOVED  ROLLS. 

mandrel  are forced back against  the resistance of the feeding- 
apparatus  until  the  inactive portions of the rolls again come into 
coincidence. The  billet  is  thereupon  immediately readvanced, 
and a new portion is subjected to  the squeezing and  extending 
action of the rolls. Thus, step-by-step, the work is performed 
until the whole of the billet  has been passed through  the  rolls  and 
converted into a tube of considerably greater  length  than  the 
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initial  billet.  Formerly  the  intermittent feeding  was effected, 
and  the  rejecting action of the  rolls resisted, by the combined 
exertions of half-a-dozen men on a  rear extension of the mandrel, 
but  latterly  manual  labour  has been replaced by mechanical 
appliances. A form of mechanical apparatus for this purpose, 
designed by Mr. A. E. Beck, of Birmingham, is illustrated  in 
Figs. 7. The  mandrel  is screwed into  the forward  end of a  push- 
bar a, mounted  upon the  feeding-carriage b. The push-bar has 
formed upon i t  two quick-pitch screws, both of which  are engaged 
by ratchet-nuts  arranged  at  the  extremities of the carriage. The 
ratchet c at  the rear  acts  intermittently  throughout  the rolling- 
operation, but  the  ratchet d at  the .front is  only  put  into action 
when  the  greater  part of the  billet  has been passed through  the rolls. 
The  billet  is placed upon the  mandrel,  and is advanced by  rotation 

PILGER-ROLLS WITH AUTONATIC  FEEDING-APPARATUS. 

of the hand-wheel g, into  the  gap between the rolls. The  latter 
then seize the  billet,  and,  whilst compressing and  extending  the 
metal, also cause the  billet  and  push-bar  to recede and compress 
the  spiral  spring e. As soon as the  rolls release the billet, the 
push-bar is readvanced by  the recovery of the  spring  and  a 
further movement of the hand-wheel. During  the compression of 
the  spring,  the  rear  ratchet-nut  is  free  to  rotate,  but  during  the 
reverse or advance movement of the  mandrel  under  the recovery 
of the  spring  the opposite  movement of the  ratchet is arrested  by 
a pawl, and  the push-bar is consequently rotated  through  a 
quarter of a  revolution.  At each forward movement of the push- 
bar  a si.milar rotation  is  imparted ; the formation of ribs  or fins 
on the  tube is thus avoided. When  the  feeding-apparatus  has 
been advanced  to the  limit of its movement, determined  by  the 
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proximity to the  rolls of the  front end of the push-bar,  a  portion of 
the  billet  still  remains  unacted upon. In order  to effect the com- 
plete  rolling of the  billet,  the  mandrel  is  automatically advanced 
relatively to the push-bar, by  putting  into action the  pawl of the 
ratchet-nut d. During  the  rearward movement of the push-bar 
the  nut  is locked. The  bar  is consequently robated, and, as  the 
billet  and  mandrel  are securely gripped by the rolls, such  rotation 
effects the  unscrewing of the  mandrel,  with  the  result  that 
the abutment-sleeve f, secured to  the  front  extremity of the  push- 
bar, is withdrawn from contact  with  the  billet. On the sub- 
sequent  forward movement a further  portion of the  billet can 
therefore be submitted to the  action of the rolls. During  the 
succeeding  movements of the mechanism the  mandrel  is  still 
further unscrewed from the  push-bar,  until  finally it i 3  with- 
drawn  altogether,  and in  this  manner  the whole of the  billet is 
passed through  the rolls. 

A tube produced by means of pilger-rolls frequently possesses a 

Fig. 8. 

ARRANQEXENT OF DIES FOR REDUCTION OF BILLET. 

rippled or undulating surface. I t  is therefore removed from its 
mandrel  and finished, either  by  being passed through  ordinary 
grooved rolls, or by  being  drawn,  whilst  still hot, through a die. 
Hollow billets produced by  the  Ehrhardt process are converted into 
tubes solely by means of dies ; an  arrangement of dies employed for 
this purpose is illustrated  diagramatically in  Fig. 8. The heated 
billet is placed upon  a mandrel of the  drawing-bench,  and is forced 
by  hydraulic pressure through  the dies, which  are  arranged  in 
alignment. The pitch of the dies is such  that  the  billet passes 
completely through one die before entering  the  next  in succession. 
When  the  amount of reduction and elongation  in one bench is 
insufficient, the  mandrel  and  tube  are  transferred  to  another bench, 
where a still further  reduction is effected. This process is 
repeated until a tube of the  required dimensions is obtained. 

Cold Drawing.-Tubes intended for use a8 steam-pipes, hydraulic 
mains, or  other services in which a high degree of acouracy and 
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Figs. 9. 

L MANDREL S U P P O R T  

D I E  A N D  TUBE-GRIP  

CHAIN DRIVE 

CHAIN-IIRIVEN DRAW-BENCH FOR COLD 
DRAWING. 

surface finish are  not es- 
sential,  are  generally re- 
duced to  finkhed sizes 
whilst  hot ; but  where ac- 
curacy, uniformity,  and 
smoothness are necessary, 
the  tubes  are subjected to 
a  cold-drawing process. A 
form of chain-driven  draw- 
bench for cold drawing, 
commonly employed in 
practice, is shown in Figs. 
9. The  die a is situated 
in a fixed holder a t  one 
end of the machine. Be- 
hind  the  die is arranged 
a tube-grip  jaw or dog,” 
b, capable of sliding  along 
the bed of the machine. 
Motion is imparted  to  the 
grip by means of an end- 
less chain, which is either 
driven  directly  by an 
engine  or  through  gear- 
ing from the main shaft 
of the  mill.  The  grip can 
be brought  into engage- 
ment  with  the chain, 
which  ordinarily  travels 
continuously, by means of 
a  pivoted hook, c. In 
some types of this ma- 
chine  the motion is im- 
parted to the  grip  by 
means of a  screw or 
hydraulic ram. On the 
side of the  die opposite 
to the  grip a  bulb-headed 
mandrel or  “plug,” d, is 
arranged,  the  bulb of 
which is situated  in  the 
aperture of the die, for 
providing  the necessary 
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support to the  tube,  and for producing the  required finish on t,he 
inner surface. Very  frequently, however, a parallel  mandrel or 
" bar " is employed i n  place of the bulb-headed mandrel, and  the 
warping  or  curling of the  tube which is a common experience  when 
long  thin  tubes  are  being  drawn over a bulb is thereby avoided. 
The  extreme  friction 
which  naturally oc- 
curs  during  the pas- 
sage of a tube  through 
the die of a draw- 
bench  necessitates a 
liberal  supply of lub- 
ricating medium, such 
as oil. The use of oil 
as a lubricant does 
not, however, always 
yield  satisfactory  re- 
sults ; it is often diffi- 
cult,  owing to the 
great pressure be- 
tween  the  tube and ELEVATION 

I.i'ge. 10. 

Rlil 
the die and bulb,  to 
maintain a film of oil 
in  the required posi- 
tion, and in conse- 
quence  abrasion of the 
metal ensue6. The 
practice has therefore 
been introduced, by 
Mr. A. C. Wright, of 
coating  the  tubes 
with  tin.  The  tin 
fulfils the function of 
a lubricant  and SUC- 
cessfully prevents ab- 
rasion of the  tubes and 
dies. Before the  tube 
is passed through  the die, one of its ends is reduced or toggled 
under a power-hammer or stamp, to  permit of its  insertion 
through  the  die sufficiently to afford a grip for the jaws. It 
is  then passed successively through a number of dies disposed 
side  by  side on the same machine, or arranged  singly in 
independent machines, until  the final dimensions are obtained. 

P L A N  

REELINQ-MACHINE. 

[TEE INST. C.E. VOL. CLIX.] Z 
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The tubes cannot, however, be taken from one bench to another 
without  intermediate  treatment,  as  the work performed upon 
them  during  the reducing-action results  in considerable hardening 
of the  metal ; they  are therefore  annealed  between each two con- 
secutive passages through  the dies. 

When  the  tube  is  drawn on a  bar-mandrel i t  must, obviously, be 
removed from the  mandrel before i t  can be annealed. The 
removal is effected by  first  expanding  the  tubes  in a  reeling- 
machine. This machine (Figs. 20) comprises essentially a pair of 
rolls, U b, set  at  an  angle so as to rotate  the  tube c and  drive i t  
forward  longitudinally,  and a guide-piece d which  maintains 
the  tube  in  contact  with  the rolls. Sometimes a third roller 
is employed in place of the guide-piece. After passage through 
the reeling-machine, the  tube  is  slightly expanded in diameter, 
and  the  tube  can  then  very  readily be removed from the 
mandrel. 

Annealing.-The ordinary method of annealing  is  similar to 
that which has  long been employed in other  industries, namely, 
by  heating  the  articles  and  then  allowing  them to cool slowly 
and, as far  as possible, out of contact with  the  air.  Just  as  this 
method is being generally abandoned in other  arts, however, it is 
also being superseded in tube-manufacture,  a  system of close 
or bright  annealing  in  an atmosphere of inert gas  being  adopted 
instead. One method of close annealing consists in  placing a 
number of tubes in  a cylindrical shell, the ends of which are closed 
by means of flanged plates  luted on with clay. Coal-gas is passed 
into  the  shell  until the air  is completely displaced, and  the  shell 
and  tubes  are  then heated to a  red heat  in a furnace  and  afterwards 
allowed to cool slowly. This method of procedure is somewhat 
crude  and costly, as  the  distortion of the  shell  by  the  furnace  heat 
frequently necessitates the employment of a new  shell for each 
batch of tubes, but  the princtiple involved,  namely, that of annealing 
articles  in  an atmosphere of inert gases, is one which is occupying 
much attention  at  the  present time. Tubes which are annealed 
by  the  ordinary method are  afterwards  treated  in a pickling-bath 
consisting of a dilute solution of hydrochloric acid, for the removal 
of scale. The adoption of close or bright  annealing avoids the 
necessity of pickling,  with  the  result  that considerable economy 
is effected both  in  plant  and labour.  Such annealing also avoids 
the loss of metal  by  which  pickling is attended, and the deleterious 
influence to which  the  material of the  tubes is subjected. I t  is 
probable, however, that  pickling  will  not  altogether disappear 
with  the  advent of close annealing,  although it may  ultimately 

Downloaded by [ University of Liverpool] on [15/09/16]. Copyright © ICE Publishing, all rights reserved.



Papers.] MORGAN ON WELDLESS  STEEL TUBEB. 339 

cease to form one of the  regular operations of manufucture. It is 
perhaps  the most searching  agent  available for the discovery of 
flaws or surface defects; seams or fine cracks which may not be 
visible in a tube when it leaves the draw-bench are  brought 
distinctly  into  view  after  the  tube  has been steeped for a  time in 
a  pickling-bath. From  the annealing-furnace and  pickling-baths 
the  tubes  are  returned to the draw-benches  to  be submitted t o  a 
final  reducing-operation. The  final reduction of light steel tubes 
such  as those employed in cycle construction is not  usually f d -  
lowed by  annealing, as the  drawing produces a  hardness and 
stiffness which  is often  a necessary quality ; but  larger  and 
heavier  tubes, such as boiler-tubes, are  generally annealed after 
the final “draw ” in  order  to restore  the  original toughness of the 
material. 

After a tube  has been taken from the draw-bench, cut to length, 
and trimmed, it  is  not  infrequently necessary to subject i t  to 
further  treatment before it can be passed into service. The  tube- 
maker’s plant,  in consequence, includes apparatus for flanging, 
stavipg, screwing, tapering  and  bending ; but  the Author’s inten- 
tion  in  this  Paper  has been to describe in broad outline  the 
manufacture of weldless steel tubes, and  attention  has therefore 
been confiued to the essential stages of piercing  and  reducing  by 
rolls or dies. I t  may be well, however, in conclusion, to enumerate 
briefly the  tests  to which boiler-, economizer-, and condenser-tubes 
and pipes  for steam or hydraulic service are subjected before they 
pass out of the manufacturer’s  hands. Ordinarily it is the custom 
to gather  the  tubes  into bundles or parcels, each containing one 
hundred tubes. Out  of each parcel two or three  tubes  are chosen 
for inspection, and upon the behaviour of the chosen tubes depends 
the acceptance or rejection of the bundle. The following are  the 
results  which such tubes  must  usually  yield :- 

(U) Strips  cut from the tubes,  which  may be annealed before 
testing,  must not have  a  tensile strength of more than 26 tons 
per Equare inch,  and  must  give  an elongation of 27 per  cent. in a 
test-length of 2 inches. 

( b )  Strips  cut from a flattened tube  heated to  a blood-red heat 
and  then cooled in  water  at  about 80” F. must be capable of bending 
double  over  a radius of 4 inch,  without  fracture. 

(c) Rings or ferrules, 2 inches in  length,  cut  fram  the tubes, must 
be capable of reduction  by  hammering endwise in a cold state  to 

( d )  The  tubes when cold must  resist  flattening under a hammer 
-a  length of 1 inch. 

to the following extent :--. 
2 2  
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Thicknes~ of Metal. 
Less than & inch . . . . Till  the sides close together. 

Extent. 

B ,, to ir,ch. {Till  equal  the  to aides thc  thickness arc brought of thc to  metal a distance of the  apart  tube. 
Till the  sides  are  brought  to  a  distance  apart 

More ,, 5, ,, . . . . equal  to  twice  the  thickness of the  metal of 

( e )  The ends of the tubes must be capable of expansion by a 
three-roller  expander, in  the cold state,  to  the following extent :- 

Less than Q inch. . . . . . . 121 per cent. 
,, to $L, inch . . . U* ,, 

More ,, &g ,, . . . . . . . G$ ,, 

the  tube. 

Thickness of Metnl. Expansion in Dinmeter. 

(f) Each  tube  must be capable of withstanding  an  internal 
pressure of 1,500 lbs. per square  inch  without permanent alteration 
of form and  without  the  slightest  indication of weeping.” 

The  Paper is accompanied by five drawings, from which the 
Figures  in  the  text  have been prepared. 
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